INTRODUCTION
Eukaryotic genes which serve related functions are often clustered in the genome (for example, globin genes (1); heat shock genes (2); chorion genes (3); and cuticle protein genes (4)). On the basis of genetic evidence it has been suggested that the region of the Drosophila genome surrounding the dopa decarboxylase (Ddc) gene contains a cluster of functionally related genes engaged in cuticle production and catecholamine metabolism. Of the 18 complementation groups mapped within the Df(2L)TW1i30 region, 14 affect the formation of the cuticle in some way (5, 6, 7) . In addition to Ddc, two other genes involved in catecholamine metabolism, di-phenol oxidase(Dox-A2) and 1(.2)amd1, map in this region (6, 7, 8) . This gene cluster is atypical since most gene clusters which have been described in metazoans encode structural proteins, e.g., cuticle proteins (4) or yolk proteins (9) rather than enzymes.
Approximately 100kb of DNA flanking D has been cloned from the salivary gland region 37C (6) . The DNA surrounding D has been reported to be unique as analyzed by southern blot (6) . Molecular analysis of deletion breakpoints indicates that the genes in this region are very densely clustered on the molecular scale (e.g., at least 6 genes within an 18-23kb region). Transcription mapping in the region 3' to the Dd gene has assigned 3 genes to within 12kb which produce unspliced transcripts of at least 10.5kb (1 0) . Although this physical organization has potential significance for regulation of these genes, the only genes which have been mapped at the molecular scale in this region are Dd(1 1) and I(2)amd (12) . To further elucidate the structure and organization of the genome in this region we have studied transcription from the region immediately adjacent to the proximal (5')end of the pdc gene. In this report we describe the isolation of cDNA clones and mapping of these to the region immediately 0 I RL Press Umited, Oxford, England.
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Volume 14 Number 15 1986 6169 proximal to the 5' end of the DdZ gene. We present the complete sequence of this gene and a corresponding cDNA. We describe a new deficiency which localizes the J(2)37Cb and 1(2)37Cc loci to the cytogenetic interval 5' to Ddc and we argue that this transcript corresponds to the 1(2)37Cc locus.
We show that transcripts from this locus are present throughout embryogenesis, at pupariation and in adults. These molecular mapping studies serve to further delimit the loci in this genetically well studied region.
MATERIALS AND METHODS

Reagents and enzymes:
Restriction enzymes, DNA polymerase and DNAase were obtained from Boehringer-Mannheim or New England Biolabs. Si nuclease was obtained from Bethesda Research Labs, nitrocellulose from Schleicher and Schuell, nylon membranes from AMF, oligo-dT cellulose from Collaborative Research, and labeled nucleotides (32p) from New England Nuclear. cDNA library screening:
Embryonic (1.5-5hr) and pupal (1 day pupae) cDNA libraries were the kind gift of Drs. D. Hogness and M. Goldschmidt-Clermont, Stanford University. Screening of libraries and recovery of phage was performed as described in (13) . DNA was labeled by nick translation as recommended by NEN.
DNA Blotfings
DNAs were restricted and lug of DNA per lane was electrophoresed in 1.0% agarose in 1 OOmM Trisborate buffer. Gels were denatured, neutralized and blotted onto nitrocellulose according to the method of Southern(14) . DNA for genomic blots was extracted from flies by the method of Davis(15) . DNA from 20 flies was restricted and used in one lane. Blotting onto nylon membrane was according to the manufacturer's recommendations.
Hybridization:
Nitrocellulose filters were hybridized in 4xSET with heparin(50ug/ml), SDS(0.1%), and sodium pyrophosphate(O.2%) (16) . Filters were hybridized at the indicated temperatures for at least 24 hours.
Washing was performed at the hybridization temperature in 0.5x SET. SET is 25mM NaCI, 1.5mM Tris pH=7.4, 0.1 mM EDTA. Nylon filters were hybridized and washed according to the manufacturers instructions.
Sequen n DNA fragments to be sequenced were cloned into M13 vectors (17) and sequenced using the dideoxy chain termination procedure(1 8) using kits obtained from P-L Biochemicals.
Gene fusions:
Gene fusions were constructed by cloning appropriate restriction fragments into the polylinkers of the pUC (17) or plC (19) vectors so as to create readthrough translation from the lacZ gene. The identity of each construct was confirmed by restriction analysis (data not shown). An example of each construct was grown overnight in B broth (17) , diluted tenfold into B broth supplemented with 0.1 mM isopropyl-b-D-thiogalactoside and grown for four hours. Cells from 10 ml of media were harvested by centrifugation and solubilized in 1 ml of 20% glycerol, 10% b-mercaptoethanol, 6% sodium dodecyl sulfate and 1 OmM 6170 Tris pH=8.0. Debris was removed by centrifugation at 1 2,000g for 15 min and 25 ml of the supernatant was loaded onto a discontinuous polyacrylamide slab gel (20) . Northern blots:
Drosophila RNA was prepared from staged Oregon-R animals using the method of Geitz (21) . Early (1-6hr) and late (16-24hr) embryos were collected from a population cage at 25 degrees. The late embryo collection contained approximately 10% hatched larvae. The late third instar collection was made by taking wandering larvae and white pre-pupae from the sides of uncrowded bottles. This sample contains less than 5% pupae. The adult animals were aged three to five days after collection. Poly-A+ RNA was selected by a single pass over oligo-dT cellulose. The RNA was ethanol precipitated and resuspended in 50% formamide, 2.2M formaldehyde, 10mM MOPS and heated to 55 degrees for 15 min. to denature. Poly-A+ RNA(15ug/lane) was electrophoresed in 1.0% agarose gels containing 2.2M formaldehyde. Denatured DNA was used as a size marker. The gels were blotted immediately after running onto nylon membranes using 20X SSC as the blotting buffer. Filters were probed with actin as a control for the transfer of intact RNA (data not shown).
RESULTS
Identification of the transcript:
We isolated cDNA clones from gti 0 cDNA libraries using a 7.2kb PEl fragment of genomic DNA as a probe. The cDNAs were subcloned into pUC plasmids (17) and restriction mapped (Figure 1 ). The Ccl, Cc2 and Cc3 cDNAs were isolated from libraries constructed using early embryonic (1 .5-5hr) poly-A+ RNA and the Cc4 cDNA was isolated from a library made wfth early pupal poly-A+ RNA. On the basis of the restriction data and the observation that one of the clones hybridizes to each of the others (data Mapping of the transcript onto the genome: To locate the transcription unit represented by the cDNAs, we probed blots of cloned genomic DNA with nick-translated cDNAs at high stringency (data not shown). This analysis localized the region of transcription to the 1 to 5 kb interval proximal to Ddc. More precise mapping was accomplished using the Si nuclease digestion strategy shown in Figure 2A . The Cc3 cDNA was subcloned into M13 and singlestranded phage DNA was isolated. This DNA was hybridized to single stranded M13 clones of genomic DNA from the same region in the opposite orientation (fragments A, B, and C in Figure 2 ). The resulting hybrids were digested with SI nuclease and the protected fragments examined by polyacrylamide gel electrophoresis(PAGE). When the protected fragment lay completely within a genomic fragment, its end points were localized by cleaving the hybrid with a restriction endonuclease before Si digestion (e.g. fragment A in Figure 2 ). Typical results of these experiments are shown in Figure 2B . This analysis identifies two exons in the Cc3 cDNA, one of about 400bp and one of about 800bp ( Figure 2C ).
The exact locations of the splice junctions and boundaries of the cDNA were determined by sequencing the Cc4 cDNA and comparing this to the genomic sequence. A diagram of the strategy used to generate the sequence is shown in Figure 3 and the sequence itself is shown in Figure 4 . stop codon at position 1173. However, the methionine codon at position 201 is not the first methionine codon in the message, as is usually the case with eukaryotic messages (22) . The first methionine of the message is found at position 27 and begins an 81 base ORF extending to a stop codon at position 108. At this position another methionine codon is-found, beginning an ORF of 291 bases extending to position 398. The first small ORF (which is in the same frame as the large ORF) is separated from the large ORF by a single stop codon (position 108). The second small ORF overlaps the large ORF substantially. In order to functionally confirm that the two shorter ORFs were not actually part of the large ORF (and that our interpretation was not based on a sequencing error), we constructed lacZ gene fusions in the pUC (17) and plC (19) plasmid vectors which lead to readthrough translation of the Cc message in each of three reading frames beginning at the sal site (position 53). An error of a single base in our sequence could lead to the translation of the large Cc ORF in these constructs, producing a protein of approximately 26kDa. Figure 5C+D show clearly that no new 26kDa protein is specifically encoded by one of these fusions. As a control for the fusion technique we also constructed similar fusions ( Figure 5A+B) AUG. An additional approximately 20 bases at the 5' end of the Cc4 cDNA suggests that the 10 bases beginning at base 1 could have formed a foldback loop which may have served as the primer for second sirand synthesis. Close examination of the genomic sequences just upstream from the 5' end of the cDNA reveal a consensus eukaryotic promoter including a TATA box (position -30, Figure 4 ) and a CAAT box (position -54, Figure 4) . Thus the Cc4 cDNA appears to be full-length suggesting that the Cc gene initiates transcription at or very near the position marked as 1 in Figure 4 . The Cc gene is single-copy:
To determine if the C gene is repeated in the genome, we probed genomic Drosophila hypothesis that the QC transcript begins at the position marked 0 on our sequence (Figure 4 ). This region contains a TATA homology and a CAAT homology ( identified in Figure 4) (22) . The scale at top is in kilobases using the kjal site at the 3' terminus of Ddc as an arbitrary zero point.
progression of the larva into a pupa. The finding that Cc is expressed in the late embryo but the lethal phase is at the larval stage is in contrast to Dd, in which the peak of expression at late embryogenesis corresponds to the lethal phase.
The Cc gene is expressed at every time in development that Dd is expressed as well as in the early embryo. The accumulation of Cc transcripts is low in late third instar larvae, a time when Dd expression is maximal, and higher in aged adults, a stage where Ddc expression is restricted to the ovaries and central nervous system (26, 27) . The pattern of expression of the Cc gene is consistent with the hypothesis that Cc may function in cuticle synthesis since Cc is present at the molts and in early embryos, which may reflect carryover from ovarian expression. The physical organization which we have described indicates that these genes are so closely spaced that it is possible that putative enhancer-like elements of the D gene may function to modulate the expression of the Cc gene or vice versa. The regulatory element of the gyp transcription unit has been suggested to influence the forked locus over similar distances (28) . Other regulatory elements are known to have domains large enough to function in this manner (29) .
The occurrence of multiple methionine codons preceding the large major ORF is atypical. Functional analysis of our clones provide independent confirmation of the existence of these premature ORFs. Conceptually, any of the ORFs could correspond to the lethal complementation group C.
Comparison of the Q transcription map and the location of the breakpoint of deficiency Df(2L)VA1i8 (6; Figure 7 ) indicates that the VA18 deficiency deletes the 3' half of the Cc gene, almost certainly eliminating the function of the protein encoded in the large ORF but leaving the small, premature ORFs intact. The observation that some lethal alleles of Cc fail to complement VA18 (and VA17; T.R.F. Wright, personal communcation) shows that the large ORF is indeed responsible for the Cc complementation group.
Recent studies have shown that premature ORFs serve to regulate translation (30) . The premature ORFs in the C message may also function to control translation although they are both much longer than the ORFs observed to function in translational control in yeast. Translation of the first ORF would leave the ribosome exactly at the beginning of the second ORF, perhaps ensuring initiation of the second ORF. Translation of the second ORF would take the ribosome past the beginning of the large ORF. Thus the two premature ORFs may function to divert ribosomes from the large ORF. Afternatively, the structure of the QC transcript may simply represent a system to produce several proteins from a single message.
The deficiencies reported here and the fact that some C alleles are not complemented by VA18 establishes Cc as the most centromere proximal gene in the VLA18 deficiency (Figure 7 ). Further, Pmediated insertions of a genomic fragment containing the entire transcription unit described here rescue both lethal alleles of Cc and VA1 71A1f8 heterozygotes carrying transposed Ddc genes (J. Kullman and T.R.F. Wright, personal communication) thus confirming this conclusion.
